Buffers. The imaging buffer was supplemented with: 100× Trolox: 100 mg Trolox, 430 μl 100 % Methanol, 345 μl 1M NaOH in 3.2 ml H2O. 40× PCA: 154 mg PCA, 10 ml water and NaOH were mixed and pH was adjusted 9.0. 100× PCD: 9.3 mg PCD, 13.3 ml of buffer (100 mM Tris-HCl pH 8, 50 mM KCl, 1 mM EDTA, 50 % Glycerol). Cell-imaging-buffer (buffer C): 1× PBS pH 7.2, 500 mM NaCl, 1× PCA, 1× PCD, 1× Trolox. PEG surface. PEG surfaces were prepared as previously reported [2] . In brief, the coverslips (no. 1.5 high precision, 60x18 mm 2 ) were rinsed twice and bath-sonicated in a Teflon-based custom-made slide holder in Milli-Q water for 10 min. Rinsing and bath-sonication was repeated with methanol and acetone. To activate the surface, the coverslips were bath-sonicated in 1 M KOH for 20 min and rinsed with Milli-Q water afterwards. After blow drying the coverslips with nitrogen, they were incubated with 95 ml methanol mixed with 5 ml acetic acid and 1 ml aminosilane for 20 min in the dark. Afterwards they were washed with methanol and water for 2 min and blow dried with nitrogen. The aminosilanized coverslips were stored under Argon atmosphere for <2 weeks until they were used. 24 h before use, the imaging chambers were assembled with double sided sticky tape. 16 mg of mPEG (Rapp Polymere, cat. no.: 125000-35) was dissolved in 70 µl of freshly prepared sodium bicarbonate buffer (10 mM sodium bicarbonate, pH 8.5) and mixed 20:1 with biotin-PEG (Rapp Polymere, cat. no.: 135000-25-35). To remove air bubbles, the mix was briefly spun down for 30 s and added to the assembled chamber. The chamber was sealed with silicon (picodent) and stored at room temperature overnight in the dark. Before use, the chamber was washed with 1 ml Milli-Q water.
Cysteine-based GFP-Nanobody labeling and purification. GFP nanobodies were DNA-labeled as previously reported [3] . Nanobodies were concentrated via Amicon 10 kDa spin filters and buffer exchanged into 5 mM TCEP in 1× PBS + 3 mM EDTA at pH 7.5. 5 mM TCEP in 1× PBS + 3 mM EDTA was then added to the GFP Nanobody and was incubated for 2 h at 4 °C on a shaker. Subsequently, Amicon 10 kDa Spin Filters were prewashed with 1× PBS, and Nanobody was buffer-exchanged into 1× PBS for 5× 5 min at 14 000×g and the volume was adjusted to 100 µl. DBCO-Maleimide Crosslinker was added in 20 molar excess in 5 µl to the GFP Nanobody and incubated overnight at 4 °C on a shaker. Crosslinker aliquots were stored at 40 mg/ml concentration in DMF. DBCO crosslinker was removed via 10 kDa Amicon Spin Filters for 5× 5min at 14 000× g. Azide-DNA was added to the GFP Nanobody crosslinker at 10× excess for 1 h at 20 °C. The final product was buffer exchanged into Anion exchange binding buffer (1× PBS, pH 7.2) via Amicon 10 kDa Spin Filters. Purification from free DNA was performed using a GE Aekta purifier system and a RESOURCE Q 1 ml column via a 30 min gradient purification scheme from 1× PBS to 1× PBS + 1 M NaCl. Peak fractions were afterwards concentrated and buffer-exchanged via Amicon 10 kDa spin filters into 1× PBS. Antibody conjugation. Antibodies were conjugated to DNA-PAINT docking sites via maleimide-PEG2-succinimidyl ester chemistry as previously reported [4] (see Supplementary Table 3 for handle sequences). In short, secondary antibodies were concentrated via 100 kDa amicon spin filters to a final concentration of 1-3 mg/ml. 100 µl of antibody was labelled with the maleimide-Peg2-succinimidyl ester for 90 min at 10x molar excess at 4 °C on a shaker. Crosslinker stocks of 10 mg/ml in DMF were diluted in 1x PBS to reach 10x molar excess in 5 µl, which were subsequently added to the antibody. After the reaction had been done, unreacted crosslinker was removed via a zeba spin column. Thiolated DNA was reduced using DTT for 2 h at room temperature. DTT was purified from the reduced DNA via a Nap5 column and fractions containing DNA were concentrated via 3 kDa amicon spin filters. The reduced DNA was then added to the antibody bearing a functional maleimide group in 10x molar excess and incubated over night at 4 °C on a shaker in the dark. Antibody-DNA constructs were finally purified via 100 kDa amicon.
Cell culture. Hela cells and U2OS cells were passaged every other day and used between passage number 5 and 20. The cells were maintained in DMEM supplemented with 10 % Fetal Bovine Serum and 1 % Penicillin/Streptomycin. Passaging was performed using 1× PBS and Trypsin-EDTA 0.05 %. 24 h before immunostaining, cells were seeded on ibidi 8-well glass coverslips at 30,000 cells/well. Cell fixation. Prefixation was performed with prewarmed 2.4 % Paraformaldehyde for 20 seconds followed by the permeabilization at 0.4 % Trion-X 100 for 10 seconds. Next, cells were fixed (main fixation) with 2.4 % for 30 min. After 3× rinsing with 1× PBS the cells were quenched with 50 mM Ammoniumchloride (in 1× PBS) for 4 minutes. Then, cells were washed 3× with 1×PBS followed by incubation in 1× PBS for 5 minutes twice. Next, cells were stained with the corresponding ligand (see below). Finally, cells were washed 3× for 5 min in 1× PBS, incubated with 1:1 dilution of 90 nm gold particles in 1× PBS as drift markers, washed 3× 5 min and immediately imaged.
Staining with SNAP. For SNAP-labeling, cells were incubated with 1 µM of SNAP-ligand-modified DNA oligomer in 0.5 % BSA and 1 mM DTT for 2 hours.
Staining with Halo. For Halo-labeling, cells were incubated with 1 µM Halo-ligand-modified DNA oligomer in 3 % (w/v) BSA in 1× PBS for overnight at 4°C on a shaker.
Staining with GFP. GFP-Nanobody staining was done in 3% BSA in 1xPBS at 4°C overnight on a shaker.
Staining with antibodies. Antibody staining was done in two steps. First, cells were incubated with primary antibody anti-GFP (1:100) in 3% BSA at 4°C PBS overnight. After three washes for 5 min with 1× PBS, the sample was incubated with the secondary antibody (dilution 1:100) at RT for 1 hours.
Super-resolution microscope setup.
Fluorescence imaging was carried out on an inverted Nikon Eclipse Ti microscope (Nikon Instruments) with the Perfect Focus System, applying an objective-type TIRF configuration with an oil-immersion objective (Apo SR TIRF 100×, NA 1.49, Oil). TIRF/Hilo angle was adjusted for highest signal to noise ratio when imaging. A 561 nm (200 mW, Coherent Sapphire) laser was used for excitation. The laser beam was passed through cleanup filters (ZET561/10, Chroma Technology) and coupled into the microscope objective using a beam splitter (ZT561rdc, Chroma Technology). Fluorescence light was spectrally filtered with an emission filter (ET600/50m and ET575lp, Chroma Technology) and imaged on a sCMOS camera (Andor Zyla 4.2) without further magnification, resulting in an effective pixel size of 130 nm (sCMOS after 2×2 binning). For all imager strand sequences see Supplementary Table 4. 3D DNA-PAINT calibration using latex microspheres. The 3D look-up table was measured as previously reported [5] . In short, first an ibidi sticky slide VI was assembled with the pegylated coverslip. Then, 50 μl of 1:10 avidin coated microspheres diluted in 1× PBS were flown into the ibidi sticky slide chamber with the prepared PEG-Biotin surface and incubated for 10 min. Then the chamber was washed using 180 μl of 1x PBS. Second, 500 nM biotinylated oligonucleotides (10 nt, P1 docking site sequence, Supplementary Table 4 ) was then flown into the chamber and incubated for 10 min. Next, the chamber was washed with 180 μl of 1× PBS. Next, the chamber was incubated with 1:10 dilution of 90 nm gold particles in 1× PBS as drift markers for 5 min and subsequently washed with 80 μl 1× PBS. Finally, 180 μl imaging buffer with dye-labeled imager strands was flown into the chamber. 500 pM Cy3B labeled imager with sequence P1 and 1× PCA, 1× PCD, 1× Trolox in buffer C was used. Latex microspheres attached to the PEG surface were identified using brightfield illumination and the radius was measured. The recoded latex microsphere data using DNA-PAINT was reconstructed using twodimensional gaussian fitting. Lateral drift correction was performed using the gold nanoparticle. Gaussian width (sigma x and sigma y) were averaged in radial sections and linked to the corresponding z height to gather the calibration data [6] . Finally, the calibration data was fitted using sixth degree polynomial fit to generate the look-up table.
Imaging conditions
Image analysis. Raw fluorescence data was subjected to spot-finding and subsequent super-resolution reconstruction using the 'Picasso' software package [4b] . x, y drift correction was performed via a redundant cross-correlation and gold particles as fiducial markers. Drift correction in z was performed via 90 nm gold particles.
Radius analysis.
To determine the radius of NPCs, picked NPCs were averaged using the 'Picasso:average3' module as previously described [4b] . In brief, localizations of particles are aligned on top of each other by rendering them and using cross-correlation to determine displacement. To account for ring-like structures, a 100× symmetry was set. Each dataset was averaged with the following oversampling settings: 3× 15, 1× 20, 1× 40. Based on the resulting "superparticle", the center of mass was determined. The localizations were subsequently transformed into polar coordinates with the center of mass as the center point. The radius was calculated by taking the median of the polar coordinate distances.
Labeling efficiency calculation. To analyse the labelling efficiency for the different labelling methods (NUP96-Halo, NUP96-SNAP, NUP107-SNAP, NUP107-GFP). 100 nuclear pores were picked for each 3D dataset, and the apparent clusters were counted and compared to the expected 32 copies of the proteins.
Parameter optimization for 3D imaging. For parameter optimization two main aspects for DNA-PAINT imaging should be considered: Resolution (x, y, z) and repetitive sampling. To estimate the resolution capabilities, 125 single clusters in nuclear pores were picked and center-of-mass-aligned with the Picasso average3 module. Localization distributions of aligned clusters were fitted with a Gaussian fit. For the analysis of repetitive sampling, the picked single 125 clusters were linked (max. distance: 26 nm, max. transient dark frames: 5) and DBSCANned (minimum local event density: 5, Radius: 26 nm) using the Picasso software to obtain the events per site as well as mean frame of the visits. Imaging was carried out using an imager strand concentration of 2 nM (P3-Cy3B). 50k frames were acquired at 200 ms integration time. The readout bandwidth was set to 200 MHz. Laser power (@561 nm) was set to 40 mW (measured before the back focal plane (BFP) of the objective). This corresponds to 1 kW/cm 2 at the sample plane. 
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